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Retrieving wind speed and direction from WSR-88D singleDoppler measurements of thunderstorm winds
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ABSTRACT:
The evaluation of wind load values is dependent on the historical wind speeds recorded by field measurements, mainly
anemometers. Such one-point measurement procedure is sufficient for dealing with structures of smaller scales.
Nevertheless, special structures like long-span bridges and electricity transmission lines need a more comprehensive
procedure, especially for regions prone to extreme wind events of limited size like thunderstorms. These events are
less probable to be picked up by one-point measurements. Accordingly, the current study explores the use of Doppler
weather radar measurements to estimate wind speeds associated with thunderstorm weather systems. The study
estimates localized wind speeds down to the scale of hundreds of meters by implementing an algorithm to separate
different weather systems within each radar scan and resolving them separately. The estimated peak event wind speeds
are compared with ASOS anemometer measurements for comparison.
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1. BACKGROUND
Providing loading guidelines for the design of safe structures is one of the main concerns of Wind
Engineering. Extreme value analysis is performed on a set of historical wind speed anemometer
recordings. This results in estimates of the adequate design wind speeds corresponding to given
return period for the analysed location. An example of this procedure is shown in the work done
by (Lombardo et al, 2009). This procedure, when used with single anemometers or widely spaced
anemometers, inherently assumes point-based loading which is adequate for structures with
limited spatial extent. In the case of special structures like long-span bridges or electricity
transmission line structures, evaluating wind loads based on anemometers will miss the effect of
wind events with limited size, specifically, thunderstorms. To overcome this limitation, the current
study explores the use of Doppler radar meaurements to estimate wind speeds and how they relate
to anemometer measurements.
Weather radars were used by meteorologists after World War II. They can be operated under
different scanning modes. The most common is Plan Position Indicatior (PPI). In this mode, the
radar revolves around a vertical axis and scans a “cone’s surface” plane as the beam is tilted at an
elevation angle upwards from the horizontal.The lowest elevation angle closest to the horizontal
plane is typically around 0.5 degrees.During each rotation of a modern weather radar, the main
parameters measured are reflectivity and Doppler velocity. The first parameter measures the
strength of the signal reflected from air-borne reflectors (snow, rain droplets, dust, insects, etc.)
back to the radar. The returning signal strength can indicate the type of reflector and thus helps
meteorlogists with understanding the type of weather event scanned by the radar. Alternatively,
the Doppler velocity measures the velocity component of reflectors towards or away from the
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radar, which is directly associated with wind speeds. As early as 1968, (Browning and Dexlar,
1968) proposed an algorithm that estimates the mean wind speed using the Doppler velocity
readings. As shown in Fig. 1, the measurements taken at a constant distance away from the radar
(along a circumference) exhibit a harmonic trend. With the assumption that the measured points
have the same wind magnitude and direction, the readings can be fitted to a harmonic wave where
the amplitude and phase of the wave would be correspondent to the horizontal wind magnitude
and direction respectively. This is applicable for the case where the elevation angle is very small
(0.5o) so the vertical component of wind velocity can be ignored.
The idea of fitting a complete horizontal scan to a harmonic wave is applicable only if the scanned
surface represents the synoptic-scale wind. In the case where the scanned surface is comprised of
more than one type of weather phenomenon (e.g., synoptic-scale winds plus winds generated by a
thunderstorm), it is important to deal with each separately.Fig. 1 shows how a scan with two types
of weather phenomena present can be processed to fit each in isolation.
synoptic-scale
(a)

(b)

thunderstorm
Figure 1. Measured points along circumference (a) with no separation, (b) with separation

2. METHODOLOGY AND RESULTS
The data processed is NEXRAD Level II data, which is provided by NOAA’s NCEI1. The archived
data (1991-present) from 160 radars are available for public use. The data are available in a format
that can be processed using (Helmus and Collis, 2016) Py-ART python based library. Radar data
were initially processed using the python toolkit before exporting them to a format that is readable
by MATLAB.
After importing the pre-processed scans to MATLAB, a multi-step algorithm is then applied
starting with functions from the Image Processing Toolbox. The aim is to produce a segmented
version of the horizontal scan such that each segment would correspond to a distinct weather
system. The sequence shown in Fig. 2 illustrates how the algorithm proceeds until it reaches the
segmented scan.
The last step is to analyse each segment separately and estimate the wind speed and direction by
fitting every cluster of subsequent points to a harmonic wave. The fitting procedure is repeated at
every mesh-grid point using 10-degree segments around the analyzed point. The diagrams shown
1

https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00345
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in Fig. 3 present the estimated magnitude and direction for a 1-km resolution grid of points from
the scan in Fig. 1.

Figure 2. Different steps of the algorithms ending up with the final segmentation on the right
(b)

(a)

synoptic scale

thunderstorm
Figure 3. (a) Magnitude and (b) direction of retrieved wind and whitespace for missing data

3. CONCLUSION
The results produced by the algorithm show its ability to retrieve wind from more than one
phenomenon with distinct features for each. The retrieved wind magnitudes and directions can be
compared to wind anemometer measurements. Investigation of the relation between radar retrieved
wind (typically at heights > 50 m from the ground) and anemometer results (typically at 10 m
heights) can test the validity of using radar results in estimating close-to-ground wind speeds. If
proven valid, the radar estimates have the advantage of spatial coverage, which can be considered
as a network of anemometers. Such an approach would be a great advantage for estimating wind
loads for special structures like long-span bridges and electricity transmission line structures.
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